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Why Search for the Higgs Boson

e we know 12 bosons: v, Z', W+, W~, 8 gluons

— carry force, spin=h=1
e in early Universe: all massless, forces unity

e as Universe cools down

— symmetry spontaneously breaks
v) = cos Oy |B") + sin Oy |[IVY)  light
Z%) = sin Oy | BY) + cos Oy |[WWY)  heavy

— weak interactions become weak (Z", W= mass)
— Higgs field in vacuum — possible mechanism
= look for its excitation, the Higgs boson

e Is vacuum stable = fate of the Universe?
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Constraints on the SM Higgs Boson

e SM Higgs boson mass my unknown; constraints:

— indirectly due to myy, m; at Tevatron, LEP/SLD
myy related to m; (quadratic) and my (log) from loop corrections

— directly due to LHC, LEP, Tevatron
open 115 < mpy < 127 GeV

W-Boson Mass [GeV] 80.5 March 2012 . . !
TEVATRON 80.387 + 0.016 I:I LHC excluded
LEP2 80.376 = 0.033 — LEP2 and Tevatron
Average 8(})£ﬁi;:/?.015 1 .... LEP1 and SLD
NuTeV ——a— 80.136 = 0.084 68% CL
LEP1/SLD 80.362 = 0.032 '> '
LEP1/SLD/m, 80.363 = 0.020 G)
T ¢y 80.4
m,, [GeV] —
Top-Quark Mass [GeV] Eg
CDF 1725+ 1.0
DY = 1749 + 1.4
Average 173209 | S Leee=tZ
¥2/DoF: 6.1 /10
LEP1/SLD 1726 13 80.3 1 my,
LEP1/SLD/m,,/T, 179.7+ 47 1
o W 155
m, [GeV]
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The Hunt for the Higgs Boson

o Excite vacuum: gg, VBF,.. — H — ZZY, WWW ~~, 777
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The Challenge is Background

e At LHC might have produced > 100000 Higgs bosons / experiment

gluon fusion weak boson fusion associated production

e The challenge is to distinguish signal from backgrounds, examples:

4G — ZZW (W) 97 — Z(7)+jets
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CMS on Track for Discovery

e In December 2011 e In July 2012
excluded SM Higgs expect for SM Higgs
127 <mpy <600 GeV up to 60 observation

tantalizing hint my ~ 125 GeV H— ZZ% v WWE 15 7
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Thanks to excellent LHC performance

CMS Total Integrated Luminosity, p-p
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The Silicon Pixel Detector

lr ::iil d|g|tal A2 meras”

' 65‘,m|II|on chann 0 x 150um
& L t“'AI ﬁﬁEh‘tLhar wa software
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The Silicon Strip Detector

15148 digital strip (2D) " cameras”
10 million channels
area the size of a-te
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Electromagnetic Calorimeter

76 200 crysfgl
heavier t/adn sfa
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Hadronic Calorimeter and Muon System

II brass shells = HCAL absorber
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Global Event Description: Particle Flow

e Leptons: /* in Si Tracker: ¢* (EM Calorimeter), 1~ (Muon System)

o P
o C

hotons: v (EM Calorimeter)

narged and neutral hadrons thru Hadronic Calorimer

e Build jets, 7, MET; use in isolation and pileup correction
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Electron/Photon reconstruction

ECAL
surface

‘g}( " Extra polated
BremClusterjl\ - track tangents
ki\\\

 Cluster reconstruction in ECAL
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— Common for both electrons and photons (Electrons also reconstructed as photons)

— Designed to collect bremsstrahlung and conversions in extended phi region

* Dedicated track reconstruction for electrons
— Gaussian Sum Filter allows for tracks w/large bremsstrahlung

* Photon identification specific to H=» vy
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Photon Energy Scale and Resolution

 ECAL cluster energies corrected using a MC trained multivariate regression

— Improves resolution and restores flat response of energy scale versus pileup

— Inputs: Raw cluster energies and positions, lateral and longitudinal shower shape variables, local shower
positions w.r.t. crystal geometry, pileup estimators

 Regression also used to provide a per photon energy resolution estimate

 To measure the Energy Scale and resolution: use Z->e'e

3
> 120X_10' [ ' | ' ' T % N I.].I L I I T ml [T T T T3
3 ~ CMS Preliminary 2011, 7TeV O 1400~ TS Dreiminary M
T 100/ =4.98 fb" 2 yp00r ™ T
2 : z
© 80— 1000 —
1l ~ ECAL barrel - .
60 800:— E
B - Both EB |n|<1 N
L 600_— hichR9 ]
40— Effect of the B I8 -
- i regression on the 400~ .
20— - 4] Z->ee peak 2000 -
O - ! S e — . | . . AN Y \ .
60 100 120 %s 80 85 90 95 100 105
GeV/
Mee (GeV/c?) Ver (GEVIED
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Electron identification

* Multivariate e identification in 2012

—ECAL, tracker, ECAL-tracker-HCAL matching,impact parameter
—30% efficiency improvement in H>ZZ—->4e wrt cut based ID

* Multivariate training against background in data

Signal Efficiency
© © o 9o
0O N 00O © .

Cut Based vs
MVA ID
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Background Efficiency
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Muon reconstruction and identification

e Start with particle flow muons

 Efficiency above 96% down to p:=5 GeV
—Above 99% efficiency for p;> 10 GeV

—Efficiency in data using J/W and Z peak
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Final State Radiation recovery Z->ll

Expected Performance for

- Applied on each Z for photons near the M. =126 GeV
leptons i

u,e M.€ Jy - 6% of events affected

- Average purity of 80%
(¢:2)min<0.5 (0.07)

2% added in analysis

L 500CMS Simulation, ¥s=8 Tev_____

© 4502_ — FSR applied

. 400 ;_ ------ FSR not applied —E

Pa rtICIe FIOW ID o ;_ Events affected by FSR —g

E.>4(2) GeV 300E- M, = 126 Gev E

In|<2.4 2901 E

Z e Isolation 200E 3

e Associates photon with Z if: 150F E

100 =
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CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.27%930 GMT .
Run/Event: 195099 / 137440354 / «
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Fri 2010-Sep-24 02:-
Run 146511 Event
C.O.M. Ener

CMS Experiment at the L




H — ZWZH - 4

e Significant improvements since 2011, apply to both 7 and 8 TeV data

— electron identification and isolation
— muon identification and isolation
— FSR recovery

— full kinematics (MELA)

— 2D statistical analysis (mg4s + kinematics)

expected signif. ~ 2.70 — 3.80
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Kinematics in H — Z*) Z*)

rotation

Mass
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Matrix Element Likelihood Analysis (MELA)

MELA = |1

Pk (1, ma, 01,02, D, 0%, O1|lmyy) -
Psig(mlv ma, (917 (927 (I)v 9*7 (I)l‘mllﬁ) |

o Used in H — ZZ% — 2¢2¢ in 2011
JHEP04(2012)036

from PRD81,075022(2010)

e Discriminate signal vs background
— QCD effects suppressed (no pr, Y)
independent of production mechanism

CMS Preliminary 2012 Vs=7 TeV, L=5.05 b™"; {s=8 TeV, L=5.26 fb™' CMS Preliminary 2012 Vs=7 TeV, L=5.05 fb™"; {s=8 TeV, L=5.26 fb™' CMS Preliminary 2012 Vs=7 TeV, L=5.05 b™"; Vs=8 TeV, L=5.26 fb™'
_.2\0-2:“‘ trTT L L L T 30-1:“‘““““‘\“‘\“““\“‘\“‘“‘: 30-1:“‘““““‘\“‘\“‘“‘\“‘\“““7
So.18F 1 5009- 4 5009- E
20.16} 4 20.08F 4 £20.08F =
@] ] O E o)} - ]
9 0.14% | goor o goorp -
T§0.127 E c_Euo.O6 7 TE50.06 7
5 0.1 - 50.05 50.05
< 0.08f 4 So.04f 7 T0.04f ]

0.06 - 0.03 0.03
0.04f - 0.02 7 0.02 /
0.02 = 0.01 / 0.01 %
0 { { } L] 07 { { { % 07 { { { { %
20 30 40 50 60 -1 -0.8-0.6-0.4-0.2 0 0.20406 0.8 1 -1 -0.8-0.6-0.4-0.2 0 0.2040.6 0.8 1
m,, [GeV] cos 6, cos 0"
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MELA Probability Distributions

® Py, o< POWHEG template (m4, < 180 GeV): dominant g7 — Z~*
o< JHEP11(2011)027 (mye > 180 GeV): dominant q¢ — ZZ
o P, X PRD81,075022(2010)
F,(0%) x {4 foo sin® 0y sin® 02 + (foy + f——) ((1 + cos® 01)(1 + cos” 62) + 4Ry Ry cos 0 cos 6-)
—2(f1+ — [——) (R1 cos (1 + cos® f2) + Ro(1 + cos® 01 ) cos 05)

+ 4/ fri foo (R —cosfy)sinf(Ry — cosfy)sinfy cos(P + ¢ 1)
+ 4/ foo (Ry + cos ) sin 61 (R + coss) sinfy cos(® — ¢ )
+ 2/ f1o f__ sin” 0 sin® 0y cos(2® + ¢4 — qb__)} spin=0 & > 2

+4FY (6%) x {(f+0 + fo—)(1 = cos? 0y cos® 03) — (fro — fo—) (R cos by sin? O + Ry sin” 0 cos 0y)
+ QWSHI 61 sin 05 (R Ry — cos 1 cosOs) cos(® + ¢ o — (/50_)}

+4F7 (%) x (=1)7 x {(f+o + fo_)(R1R2 + cosfy cosbs) — (fro— fo)(R1cosbs + Ry cosby)
+ 24/ f10fo_ sin @y sin B cos(P + ¢ — gbo_)} sin 0y sin 05 cos(2W) spin=1 & > 2

+2F2‘]2(9*) X f+_{(1 + cos® 01 )(1 + cos® 05) — 4R, R, cos 0 cos 92}

+2F7,,(0%) x (=1)7 x f,_ sin® 6, sin® O cos(4V) spin > 2 unique + ...interference terms
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2D analysis MELA vs myy

\s=7TeV,L=5.051 fb';\'s =8 TeV, L =5.26 fb™'

CMS Preliminary

MELA
o
(o)

e Model with full simulation
— include interference
— powerful sig.-bkg. separation
— little model-dependence
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Analysis performed “blind”

This year

Last year
¥ \F 7TeVL 505t ;\Ns=8TeV,L=5.26fb"
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Background models

* Irreducible background ZZ - 4l

— Estimated using simulation

a.u.

— Phenomenological shape models

— Corrected for data/simulation scale

— Reducible backgrounds estimatec

\s =7 TeV
T

O MStEmIAE o NSRTIN g CMS Prlminay ane
B . Simulation (POWHEG+Pythia) N (U
B qq® ZZ ® 2e2u ]
0.6 Shape Model, 2e2y: - 15 B
0.4 - 10—
0.2 i 5
0

e Simulation (GG222)

gg%ZZ%4IE

T T
gg® ZZ ® 2e2u

Shape Model, 2e2u

Q00—

AR B
200

N IR
300

L [T
400 500

600 200
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— Extrapolation from control samples enriched with misidentified leptons

— Total uncertainty ~50%

CMS Preliminary

Vs=7TeV,L=5.05f"

Validation in data
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Results: m(41) spectrum

fs=7TeV,L=5.05

CMS Preliminary
> 25: ] 17T II_ L I | L l | L ]
8 u q CMS Prelimir - ' ' 75T Ns=8TeV,L=5.26fb"
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c L — —
(@3] R o n
o 15H il — 10 . Z+X
} n
- . S Zy*Z2Z
) | ] qc) } _ )
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) —: 6 B |
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100 200 300 400 500 600 700 800 -
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2
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Channel de 4y 2e2u 4¢ 0 —— — . o -
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my = 126GeV | 1.51 £0.48 | 2.99 =0.60 | 3.81 =0.89 | 8.31 +1.18 80 100 12 140 160 180
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Results: MELA 2D plots

Perform 2D ﬁt 1 CMS Preliminary 2012 Vs=7 TeV, L=5.05 fb™": Vs=8 TeV, L=5.26 fb"

<
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... —
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e Data points shown 0.5
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Results: MELA 2D plots

Perform 2D ﬁt 1 CMS Preliminary 2012 s=7 TeV, L=5.05 fb™; \s=8 TeV, L=5.26 fb”
5 | -I-2e|2mu § 1
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Results: MELA 2D plots: high mass

Perform 2D fit

1 CMS Preliminary 2012 \'s=7 TeV, L=5.05 fb; \s=8 TeV, L=5.26 fb"
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Low mass region with MELA cut

* Enrich the signal meLA>0.5

e (Cut value chosen such that
e signal prob. > background prob.
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Two-lepton invariant mass plots

CMS Preliminary Vs =7 TeV, L=5.05 fo';Vs=8TeV,L=5.26fb"
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Limits and p-values

-
o

_ ........... ’ CMS Preliminary

"""" | =——— Observed Asym. CLs
H— 77 — 4L i J— Expected Asym. CLs
I fs=7TeV,L=505f".| B8 Expected+ 16
........... Expected + 2

—

95% CL limit on o/cy,,

| I |

10-1 | | | | | llllilllllllll I Y I B |

100 200 300 400 500 600
m,, [GeV]

()} 1 T T T L
) — -
] B .
? - 1 1o
o 107 \z
@ : -
§ - /é 20
10° A3
B — 2D Fit 7TeV ; i
10° oD FitgTev ;0 %
— — 2D Fit 7+8TeV ; =
L - - -+ Expected ! —
ni CMS Preliminary |
107 & H® ZZ® 4L =
- (s=7TeV,L=5.05fb" -
N Is=8TeV,L=5.26fb" : 740
10—5 . 1 l:|||.',|
100 200 300 400 500 600

m,, [GeV]

Expected exclusion at 95% CL :

121-550 GeV

Observed exclusion at 95% CL :
131-162 GeV and 172-530 GeV

Expected significance at 125.5 GeV :
3.80

Observed significance at 125.5 GeV:
3.20
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Observed local excess of events

CMS Preliminary Y¥s =7 TeV,L=505fb '; ¥ys =8 TeV. L = 5.26 fb™’ 1
> B T I T T T I T T T I T T T I T T T I T T T I_ GJ —:I- I T T 1 L L I I L T T L
8 12 = Data — 2 —~
< - : [ z+x 1 S - 1
B - ] (o]
2 b l L=y == 4 o 1w0'E -
= - [ |m.=126 Gev | G = -
s 1 = Q = 1 26
- 1 O . B ¥ a
6 ne 107 E
4 = N P -.:
F 10°% = — 1D Fit 7+8TeV i 30
= — 2D Fit 7+8TeV H 5
= I T T s Expected 5
O T 4 B CMS Preliminary |
80 100 120 140 160 180 10% & Hoozzosal ] =
my,, [GeV] - (s=7TeV,L=505f" -
CMS Preliminary 2012 V=7 TeV, L=5.05 b, \5=8 TeV, L=5.26 b B (s=8TeV,L=526fb" 14
B B e - ¥
j & 2e2mu El1 10-5 T N R B B |'Fr'-| N B R R |~:f| RN B
w09 wte | 110 120 130 140 150 160 170 180
0.8 eami H log my, [GeV]
0.7 -~
s e
0.6 106
0.5 E
0.4 —a— = T
0 -~ 3%} Expected significance at 125.5 GeV :
' —.— =
0.2 e 02 3.80
o | e Observed significance at 125.5 GeV:
?00 110 120 130 140 150 160 170 180 0

m,, [GeV] 3 ; 2 0)

38

Andrei Gritsan, JHU 17 July 2012



1 — 7y



CMS Experiment at the LHC, CERN

Data recorded

Run/Event

14.621490 GMT

:08

2012-May-13 20

194108 / 564224000
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Search for a di-photon mass peak

% 2500 —_I L 1T 1T 1 I 1T T 1 I T 1T 1 T T 1 I 1T T 71 I T T 1 T 1 l——
— CMS preliminary e Data | ° . PR
2 7 BTV Losam [ 2mremety - Blind analysis in 2012
~ 2000 = % tpempytfsker e Re-reco 2011 data into
1)) : ake ] .
?, K 7 ol - ] unchanged 2011 analysis
& 1500 F, —romaesesie 1« Background MC only
3 o/ - used for analysis
C B, - imizati
1000 — 7 Gy - optimization,
: g, . 1 * Z->ee also to measure
so0 5 B photon efficiencies and
C T < - resolution with data
_I | I | i—)_l_ll_ll_\—‘—l | | | | | I I | | | — | — I | I | I | | — I_
00 110 120 130 140 150 160 170 180
m,, (GeV)
® [nteraction vertex is identified using tracks from recoiling jets and underlying event plus conversions
= correct in ~83% of cases for pileup in 2011 sample.
= correct in ~80% of cases for pileup in 2012 sample.
® \/ertex identification with a BDT
= Input variables: ¥p2, Zp, projected onto the yy transverse direction, p, asymmetry and conversions
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Diphoton Multivariate Analysis

* Diphoton MVA trained on signal and background MC with input variables largely

independent of m..,

— Kinematics: p; and ) of each photon, and cosA¢ between the 2 photons

— Photon ID MVA output for each photon
— per-event mass resolution and vertex probability

e Encode all relevant information on signal vs bkg. discrimination (aside from m,,

itself) into a single di-photon MVA output to first order independent of mw)
< =<10°
o iy — MC Background o g - CMS Preliminary —¢— Data
S0.12F B goh 124GeV OMS Freliminary S 20 (s—8Tev.L=531b" &= Drell-Yan + Wy
_.9 —— vbf 124GeV Simulation B 18 e B Fake-Fake
c 5= wzh 124GeV = Prompt-Fake
g 0.10H B th 124GeV g 161 == Prompt-Prompt
q) m : - - :
3 w— 14 I : !
©0.08 o 2 I P
S 12} : : i
©0.06 10} 1
- 8L | (.
0.04 Ll
- ! e
0.02 - B 1
2F S e, Lo
O OO B = O T : = 1 ] i 1 i 1 1 1 1 I 1 N —
1.0 -0.5 0.0 0.5 1.0 -1.0 -0.5 0.0 0.5 1.0
di-photon MVA output di-photon MVA output
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Di-jet tagging

Variable 2011 2012
Loose Tight
pr(j1) > 30 GeV .. .
pr(j2) > 20 GeV > 30 GeV Di-jet event with:
A, 72) > 35 > 3.0 * diphoton mass 121.9 GeV
vy — 3 (151 + 152)| <25 ..
AG(j 5, vY) > 2.6 * dijet mass 1460 GeV
M j > 350 GeV || > 250 GeV | > 500 GeV

o jet p;: 288.8 and 189.1 GeV
*jetn:-2.022 and 1.860

g
i

CMS Experiment at LHC, CERN

Data recorded: Mon Sep 26 20:18:07 2011 CEST
Run/Event: 177201 / 625786854

Lumi section: 450
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Category Performance

Expected signal and estimated background

SM Higgs boson expected signal (my=125 GeV Background
Event classes 88 P gnaef(f H FWHM) 7235 o :g125 CeV
Total | ggH VBF VH ttH | (GeV) (GeV) (ev./GeV)

T Untagged 0 3.2 61% 17% 19% 3% 1.21 1.14 3.3 =04
< | Untagged1 | 163 | 88% 6% 6% 1% | 1.26 1.08 375 +13
15 | Untagged?2 || 215 | 91% 4% 4% - 1.59 1.32 748 +£19
3 | Untagged3 | 328 | 91% 4% 4% - | 247 2.07 193.6 +30
N Dijet tag 29 | 27% 73% 1% - 1.73 1.37 1.7 0.2
_ | Untagged 0 6.1 | 68% 12% 16% 4% 1.38 1.23 74 =$0.6
o | Untagged1 || 21.0 | 88% 6% 6% 1% | 153 1.31 547 +15
@ | Untagged2 || 30.2 | 92% 4% 3% - 1.94 1.55 1152 =23
> Untagged 3 || 40.0 | 92% 4% 4% - 2.86 2.35 256.5 =34
| Dijet tight 2.6 | 23% 77% - - 2.06 1.57 1.3 +£0.2
Dijet loose 30 | 53% 45% 2% - 1.95 1.48 3.7 +£04
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7 TeV Mass Distribution in Categories

; 20fcms Preliminary —¢— Data ; 120 | CMS Preliminary —¢— Data ; 250 :—CMS Preliminary —e— Data
8 18 i_ \s=7TeV,L=511f" 77 g;g? lfiltComponent 8 [ Vs=7TeV,L=51 o' T :ZS:FComponent 8 i \s=7TeV,L=51f" gnglfiittComponent
Z 16} = Z 100 = Z 200§ =
0 14F BDT >= 0.89 %) 0.74 <= BDT < 0.89 ; 0.55 <= BDT < 0.74
S : S 80 =
o T2g, Untagged 0 > Untagged 1 Q 1501 Untagged 2
L 10 | L 60 :_ L E
8 - 100
of o H :
4F : 50[- a2
o il Ml ot R z
- [ L L1 Ll . [ Ll L N .
900 120 140 160 180 Q00 120 140 160 180 900 120 140 160 180
m,, (GeV) m,, (GeV) m,, (GeV)
; 600 :_CMS Preliminary —e— Data ; 10 _—CMS Preliminary —e— Data . .
@ PO 7 Tev, L= 5.1 1" 5+ i O h es7Tev,L-51 1" 518 Fi Background model is entirely
Q) N Bkg Fit Component O) - e Bkg Fit Component
T 500§ e Z s == from data.
_g 400:_ 0.05 <= BDT < 0.55 _g i BDT >= 0.05 Di-jet Tag Flt tO mass dIStrIbUtIOI"I |n
o N O Bk .
& f | “ i each category WI'Fh
: Untagged 3 1l Dijet tag polynomial functions (3" to
2003— 4 7 (] (] (] (] Sth degree)
N 18 S| . .
g |=P!l=E::::-----.. o ol — keep bias below 20% of fit error.
100F | L N
i - (o Lo HHe T o/[[e/®][]]6
: [ | g s [ Wi il — causes some loss of
' : . : : ' ' DN
P00 120 140 160 180 Q00 120 140 160 180 performance due to number of
m,, (GeV) m,, (GeV) parameters in fit function.
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8 TeV Mass Distribution in Categories

; 35 - CMS Preliminary —¢— Data ; 1605 CMS Preliminary —4— Data ; 400 E_CMS Preliminary —e— Data
(O] - _ _ _ S+B Fit (0) e _ - S+B Fit (0] - _ _ - S+B Fit
0] - Vs=8TeV,L=53 fo! T kg Fit Componernt 0 K \s=8TeV,L=53fb"  — NP 5 - \s=8TeV,L=53f"  — kg Fit Component
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80 200
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1 1 1 I 1 | 1 ;l i“l“ & L '! : 1 1 Il | 1 L 1 | Il 1 1 | 1 L 1 : 1 1 1 I 1 1 I 1 1 1 I 1 | 1
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; E CMS Preliminary —¢— Data ; 95 CMS Preliminary e Data ; 20 CMS Preliminary —¢— Data
() - : S+B Fit C . LB Fi [0)) C . _ : S+B Fit
G 800Fis=8Tev,L=53f" T B it Gomponent G 8fis=8TeV,L=53f" B bt Componant @ 1gf's=8TeV.L=53f" T Bkg Fit Component
— - [+ — C 1o — C [ J+1o
Z 700§ -;zo _ It Eiés — 16 -126
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S 500 G>) 5F g 12I .
L - L N . . L 10 .
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300 :_ o 0 | L] (]
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Fit Results in Categories

Di-jet loose
Di-jet tight
Untagged 3
Untagged 2
Untagged 1
Untagged O
Di-jet
Untagged 3
Untagged 2
Untagged 1

Untagged 0

-4

CMS preliminary
\s=7TeV,L=5.11fb"
\s=8TeV,L=5.31b"

B Event Class

| 1] Combined

my, = 125.0 GeV
o/ Ogy = 1.5610.4

-2 0

2

4

6 8 10
Best Fit G/GSM
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S/B Weighted Mass Distribution

— B is integral of background model over a constant signal fraction interval

* Sum of mass distributions for each event class, weighted by S/B
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95% CL Exclusion for SM Higgs

- Observed (Asymptotic) CMS Preliminary

35 e oo e (ReymPItle) {5=7TeV, L =51 1b"
- B 0 = =5.3 b
- [ ] *2c Expected fs=8TeV,L=531b

.

1><<5$,\,I

J-i:l 11| | | I | | | 11
q10 115 120 125

130

140

135

145 150

m, (GeV)

* Expected 95% CL exclusion 0.76 times SM at 125 GeV
 Large range with expected excusion below o,,

An
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G
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P-Values

CMS Prelim'inary
\s=7TeV,L=5.1fb"
Is = 8TeV L = 5. 3fb‘

Interpretation Requires LEE

Local p-value
II'I]L

10-2 E—.. S SR SR | W N S SR, W SR St S

10-3 __ .............................................. Observed (Asymptotic) ] 30
= ----- 1x SM Higgs Expected (Asimov)

1074 e --------------- \ : / -------- 7 TeV Observed (Asymptotic)
: . V 8 TeV Observed (Asymptotic) . 40

105||||i||||i||||l||||||||1|||1|||1|||1|||
110 115 120 125 130 135 140 145 150

m, (GeV)

* Minimum local p-value at 125 GeV with significance of 4.1 0

Andrei QGritsan, JHU 17 July 2012
’ 50



Two channels ZZ and 2gamma combined

CMS Preliminary Ys=7TeV,L=5.05f";ys=8TeV,L=5.26fb"

> i T I T I I | T T T I I I T | T T I I T I T |_
8 12 __ ¢ Data __
o Ez:x :
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4 :— .

2 ) _|-L . ? ] e
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0 s —H

80 100 120 140 160 180

my, [GeV]

* Comb. significance: 5.0 0
* Expected 4.7 O

%2000 - CMS Preliminary —— S/B Weighted Data ‘
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~—1400
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§1 200
>1000
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S 600
%’ 400
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g 1 0_2 E \ / 2c
é_10_ E‘ ------ \ 3c
= 10°F T
S 1 o*‘E el \\\7/ =
—1 105 - s~ =\ ~— H4c
1 0‘6E \7/-- -------
1077
108 E
1 0-9 — Combined obs. Cl\ﬁls Przezliminary
1 0-10 - === Exp. for SMH Higgs — 7Y
11 E H— vy Vs =7 TeV. L =5.1 f'
10 E H—> 2 Vs =8 TeV,L=5.3f'
_12 | === 1 1 1 1 1 1 1 | 1 1 1 1 1 1 1 1 i 1 1 1 i 1 | 1 ; 1 1 —
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Higgs boson mass (GeV)
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ATLAS has it too: talk by

lan Hinchliffe

%2400:"'1""I"'I""I' 3
> n S 2200 Selected diphoton sample —
o35 ¢ Data — P = ®  Data 2011 and 2012 =
(O [ I Background ZZ ATLAS Pre“mmary § 2000 Sig + Bkg inclusive fit (m, = 126.5 GeV) =
© __| [ Background Z+jets, tt () o 18008%& ., 4th order polynomial —
?__)30'_‘ [ Signa (m =12 GeV) H—Z2Z" "4l 1600 — is<77ev [Ldt= 48" —
S [ [ Signal (m =150 GeV) 1400 s=rie f - =
(1) 25| [ Signal (m =190 GeV) 1200 \E:STeV,ILcit:s.gfb'1 =
- 7% Syst.Unc. 1000 - =
- — 4 -
- 800 — —
20Hs =7 TeV: fLdt = 4.8 fb" 200" =
1505 =8 TeV: fLdt = 5.8 fb” 400E- ~=
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10';— = 100; + : : I : —i
- % 0 + L +
5:_ - -100§_+ 1 +.| 1 ] 1 _z
O: 100 110 120 130 140 150 160
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m e 8 _
47" | 10°F ATLAS Preliminary 2011 + 2012 Data
Q " JLdt~46-48f"\s=7TeV [Ldt~585915"1s=8TeV _
— 105 — ----- Exp. Comb.  ----- Exp.H->2ZZ* >l ----- Exp.H— bb —
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10°F —— obs. Hoyy —— Obs.HH>WW* 5 hlv —— Obs.H—o1t
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Seminar at CERN on July 4, 2012




H — WWwH



Higgs — W™ — (070) (05 v)

% ] N CMS Experiment at LHC, CERN
2 3 Data recorded: Sun Oct 17 06:19:04 2010 CEST

| : ?’ \ i Run/Event: 1.48031 1 466240176 . Pa rt i a I reCO n St r u Ct i O n

|mgg — mz‘ > 15 GeV

projected (L £) MET >40 GeV (¢¢)
>20 GeV (ep)

e Require 0, 1, and 2 (VBF) jets

e Reject top: soft i and b-tag veto
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Higgs — WV — (0~0) (01 )

e 7 TeV data analysis unchanged (BDT, shape)

e 8 TeV data analysis — cut based

- 3 6 CMS Preliminary
— \o L
shape fit in development 2 | (s=8TeL_=5110"
. : ° s .
— excess consistent with Z72Z £ 7 H->WW--212v 0/1/2 Jet cut based
- B
4 4 - - - Median Expected
o O — ] o L
o "o mlvwms ; %‘?yta . \%MfsPTrzl\l/mmary S B - Expected + 10
O_IOO'_D top. R4 L=5.10fb" N 8 3‘_
% | B Wiets ' - Expected + 20
T | -
D 80f o —e— Observed
© ¢ N
60} -
[ i
40 N
0_ | | | | | | | | | | | | | | | | | | | | | | | |
120 130 140 150 160
20 my, [GeV]
e — SN
0 50 100 150
Ap,, [°]

e Rywizz = 0.9%4
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Analysis Strategy

, , channels
Associated Production 5>Z(II)H(bb)
=> final states with >Z(vw)H(bb)
leptons, MET and b-jets
P ‘ >W(Iv)H(bb)
. 0_2_|||||||..|........l....
Boosted vector bosons: 20_183&'\"3 g Cwem
p+(V) -> 2 ranges o fr=rty o
Reducible Backgrounds: 5 bt 4 iets (H->bb 0167 Zewscy |
QCD, top, W/Z+ light jets tagged jets (H->bb) 0140 e

Back-to-back V and H,
reconstruct my,

Less reducible:
V+bb, ZZ(bb), WZ(bb)

Main backgrounds
estimated from data in e =

. 0 50 100 150 200 25(
control regions (scales) pt. [GeV]
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Mass Distributions in Event

_____________ (5x) HOTT m =125 GeV

CMS 2011+2012,\'s =7-8 TeV, L = 10 fb' TeTp,

— 107 SMS 20114201275 = 7-8 TeV, Ll=1|0fb"lrgﬁg — 80 : T observed
% F (5x) H® Tt m =125 % ...... (5%) HO v m =125
S = o S nf 4 e % 20
s electroweak — B Z® ee ¥
£ 2 L 3+ g 60 electrowea t
g 10 3 aco g o églcg ‘ B clectroweak
2 o - 2 5 [ JacD
10 3 » 20 - CMS 2011+2012\'s =7-8 TeV, L = 10 fb" TuTh
| = 40 C T T T T T L ey Hew m=12s.
- m R s g .. =5
] - 10 :; ' -e_lectroweak
+ L —— E'th gso %SCD
0 100 200 300 °0 100 200 3U0 % 25
0lJet . m,, [GeV] m,, [GeV] 2.0
Boosted N
" Enhanced sensitivityto . :
" Large Drell-Yan gluon fusion Yoo 20 309
backeround " Improved mass ‘ ' m,, [GeV]
g _ resolution VBF
" Sensitivity boosted by = Sensitivity boosted by ™ Enhanced sensitivity
low/high p- split ' ' :
/hig Pt SP low/high p; split to VBF productlon

" Highest sensitivity

4x5 channels for m, <130 GeV
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Results for Ho>tt

< 1apoeS Pre"m'“a’%\fg o TeV, o L= 10 fb™ 5.0 CMS, Preliminary,\s =748 TeV, Ho, L = 10 fb”
b(/) i Expected lelt : i b% R ‘simulation S|gnal inj. (m =125 GeV)
S b H G1020 (167 B ASE Tedbsened S
o PP e HIGA1-029 (4. 9fb1) S 4ob : oxpected
- . 4 [®) . _ expected ............
S b emenzowcony S o ME B o expecied
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- — - o.- -
. - o (—)' RURRTRURN TR WO
") —— HOORRTOOIOS e ;,c.f ........... R -
O 't I 2
2 - R
o) 6 _.........._.a,&._‘_......; ...... — ;,,*e-.t.‘.'....;. ............................................ — - (®))
o) e \.?.*--u XL "'.
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F | . ' i . . ' I . . - o 0 L1 I L L1 1 I L1 1 1 I
o120 T30 140 110 120 130 140
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* ~2Xx improvement in sensitivity
— =>70% improvement in sensitivity on the same data
— 40% improvement with the additional luminosity

* No significant departure from SM background-only expectation
— Observed limit of 1.06 x SM at m, = 125 GeV (expected 1.28)
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SM Higgs: High Mass

e Extensive effort across the full mass range:

H—Z7 — 40, 20271,

H—-WW — 202v, 2qlv

e Recent updates:

H — Z7 — 202v H—WW — 202v

CMS preliminary, Vs= 7/8TVfL 10.0fb"

202q, 202v

CMS Preliminary
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SM Higgs Exclusion

e Excluded SM Higgs in the full search range

— except for a narrow range around 125 GeV

I R R

10 CMS Preliminary —=— Observed
E\s=7TeV.L=5.11fb"| =% Expected (68%)

1 \s=8TeV,L=531f"|--- Expected (95%)
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.
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:i I

'|I| IIIIIIII| IIIIIIII| IIIIIIII| L L1

SM
)

« 10
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—i
o

IIIIIIIII|III||||||Illllllllllllllll_
CMS Preliminary —=— Observed ]

[ Vs=7TeV.L=5.1fp' |0 Expected (68%)|]
| Vs=8TeV,L=53f" [ Expected (95%)| |

95% CL limit on o/og,,,
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Characterization of the excess

The observed state has mass

0/Cgy

O ove pram ™ Tw comenes ] Near 125.3 £ 0.4 £ 0.5 GeV
oz Ao
o e-rment-sin T | Overall best-fit signal strength
af- 1 In the combination:

: | ology = 0.80+0.22
3 N

: 1 [ mlH =125 GeV | CMS Preliminary
2__ - \s=7TeV,L=5.1fb"

\s=8TeV,L=53fb'

1: w H— bb
: | | | | | . H— e
‘PS 124 125 126 127 128 129
Mass (GeV)

H— vy

H—> WW

H—- ZZ

3 4 5

1 2
Best fit G/GSMH
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Fit Boson and Fermion couplings

my, = 125 GeV CMS Preliminary
\s=7TeV,L=5.1fb' .
\s=8TeV,L=53fb' O CMS Preliminary
V\s=7TeV.L=5.1fb"
\s=8TeV,L=5.31b"

H — bb (VH tag)

H — bb (ttH tag)
H— tt (0/1 jet)

H — =t (VBF tag)

H — 7t (VH tag)

H — vy (untagged)
H— vy (VBF tag)
H— WW (0/1 jet)
H— WW (VBF tag)
H— WW (VH tag)

H— ZZ

1 l 1 1 1 l 1 1 1
2 4 6 8
Best fit G/GSMH

* In agreement with SM
within 95% CL
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Measuring Tensor Structure of Interactions

e Amplitude for X, — ZZ or WW (see RPM May 6, 2010)

http://www-physics.Ibl.gov/seminars/old /Gritsan2010.pdf

A = U_le?%;V (algNVM)Q( + a9 4.4y + A3€uvas Q?qg>

e SM Higgs 0": (a;)

(or beyond SM) (or beyond SM)

e 3 amplitudes ( “experiment”) < 3 coupling constants ( “theory”)

M? My, My,

A — X T 1 2 332 L 1

00 . (CL1 + a2 M2 ( ))
2 2 2

M3, My, M _ MMy~

A =+—2& (alzziag 4 5 Vai /a2 = 1) . 2My, My,

v My
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Angular / Mass Distributions

e JHU generator: http://www.pha.jhu.edu/spin (H — ZZ, WW, ~v~)

See also ICHEP talk " Determination of properties of a Higgs—like resonance at LHC”
https: //indico.cern.ch/getFile.py/access?”contribld=473&sessionld=53&resld=0& materialld=slides&confld=181298
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MELA for Spin / Parity

Po-(mq,mg, 01,02, D, 0%, &1|may)
7)0+(m17m27917(927(1) 6* (1)1

psMELA = |1 -

e Hypothesis testing

— scalar (0™) vs pseudoscalar (07)
— may Iinclude any other model
e Simulation (http://www.pha.jhu.edu/spin)

— expected separation 1.60 now
— 3.10 with 5+30 fb—1
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Observation of a New Boson

e Observation of a New Boson on CMS: 5o excess

X — 75z X > Ay
CMS Preliminary Vs=7TeV,L=5.05fb"';Vs=8TeV, L=15.26fb"
%.) 12 B ! I I I o Datal . %:2000 - CMS Preliminary —e— S/B Weighted Data
3 — . C ys=7TeV,L=5.1fp'  — SBFit
@ B M - Z+X 1 (31 800 - :: -8 TZV, L_s53fp! Bkg Fit Component
—~ o 1 » - P T [ I+1e
o 10— . 7 51600
2 - l Jzv'.zz ]
5 [ |m=126 GeV -

| n n | I 1 I 1 L 1 | |
80 100 120 140 160 180 120 140
m,, [GeV] m,, (GeV)

e What we know:
— it is a boson, spin#1 = spin = 0 or 2... (nothing like this before)
— 1t couples to vector bosons

e What we do not know:

— if it is the Higgs boson, if couples to Fermions (matter)
— expect it to be elementary, if not = even more interesting...
— if it is a tip of an iceberg of new exciting states of matter / energy
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